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Abstract 
Optical detection methods are the most popular methods co-working with microfluidic chips. In this paper 
nonconventional fluorimetric method utilizing non-cooled CCD camera and image processing has been described as 
effective method of highly sensitive and low-cost alternative for typical epifluorescence-based method. Following,  a 
short description of nonconventional application of on-chip spectrophotometric measurement for parametric 
description of the optical properties of living cells – oocytes and embryos of farm animals – is presented as a new 
method of quality assessment of the cells. 
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1. Introduction 
It is well known that optical detection methods are commonly used in tandem with various microfluidic 
chips. Among many optical detection methods reviewed widely in many papers, fluorimetric and 
spectrophotometric are dominating ones.  It is because well-established methodology and instrumentation. 
In this paper, brief description of recently developed by the author an co-workers methods and 
instrumentation for both methods is presented. Both methods utilize microfluidic chips, novel technical 
solutions and software-based processing of the measurement result.  
2. Fluorescence detection  
Fluorescence excitation and detection is usually based on epifluorescence configuration of the 
optical components (Fig. 1a) equipped with high-sensitivity photodetector (silicon photodiode or 
photomultiplier) or image sensor. Single elements photodetectors give output signal proportional to light 
intensity reaching the sensing element. Thus, the signal is a sum of the fluorescence signal and other non-
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fluorescence optical signals passing through the optical set-up of detection path. On the other hand, the 
image sensors are typically high resolution CCD cooled matrixes. Goal of the cooling is reduction of 
thermal noises generated by the optoelectronic circuits during optical signal readout. Thus, increase of the 
signal-to-noise ratio leading to improvement of detection limits is obained. However, cooling of the 
matrix is power consuming and expensive solution, also difficult to miniaturize.  
In the developed method, the fluorescence excitation light emitted by a miniature semiconductor 
laser is introduced to measurement chamber of the microfluidic chip by light guiding side-wall of the 
chips, whereas the fluorescence light is collected by a miniature optics (objective and interference filter) 
ended with non-cooled low-cost CCD camera (Fig. 1b) [1 - 3]. The number of required elements 
necessary for proper and effective fluorescence excitation and detection has been significantly reduced in 
comparison to the epifluorescence configuration. Collected by the camera images are digitalized and 
analyzed by the specialized software. Analyze of the image is based on determination of the light 
intensity in the specific area of the image corresponding to expected area of the fluorescence emission, 
whereas the rest of optical background, containing noise and false fluorescence signals (i. e. artificial, 
autofluorescence of material or excitation scattered light), is rejected and do not add to the final value of 
the optical signal intensity. Effectiveness of the fluorescence light extraction in relation to the background 
signals by the software-based method has been determined to be around 1:20 - 70 and it depends on the 
material of the chip (lower for less autofluorescence material). This coefficient has been defined as 
average light intensity for whole image to average light intensity of the analyzed area only (fluorescence 
area). Software-based “focusing” of the detection unit on the true fluorescence signal, coupled with 
perpendicular geometry of the optical paths, leaded to more effective blocking of fluorescence excitation 
light in comparison to typical epifluorescence configuration (Table 1). Described here methodology and 
instrumentation ensured limits of detection comparable to epifluorescence-based solutions (i. e. 0,1 ng/ml 
of DNA labeled with 0,5 PM TO-PRO 3 dye [1 - 2] or 5 nM of Cy5 dye [3]) with significantly simpler 
configuration of the optical paths and lower number and lower costs of involved components.  
Modification of the one-wavelength method and instrumentation, tailored to one wavelength of 
fluorescence inducing laser (636 nm) and readout (>650 nm), leaded to development of two-wavelengths 
system dedicated for red and green (excitation at 532 nm,  readout >550nm) lines of dyes [3].    
 
 
(a) (b) 
Fig. 1. Scheme of the perpendicular (a) and epifluorescence (b) configurations of the optic paths used for fluorescence excitation 
and detection co-working with microfluidic chips 
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Table 1. Efficiency of laser light blocking - optical power of laser light (635 nm) and corresponding blocking efficiency of the laser 
light for perpendicular and epifluorescence configurations in P1 to P3 measurement points as marked on figure 1 
 
Developed method and readout instrumentation have been successfully applied in one- and two-
wavelengths instruments used for detection of various pathogens by the use of real-time PCR or real-time 
NASBA [3], gel electrophoresis [4] or determination of mice embryos viability [5]. Thus, high sensitivity 
and usefulness of the method and instrumentation has been confirmed.  
3. Spectrophotometric detection 
On-chip spectrophotometric method is usually used for optical characterization of liquid samples 
in VIS, NIR and IR ranges. Spectrophotometric characterization of cells is difficult due to problems with 
dimensional compatibility of the cell itself and the measurement cell. It is still a problem. However thanks 
to development of microfluidic techniques and integration of optical waveguides with the chip, it is 
possible now to optically characterize large cells (with diameter above 50 Pm) i. e. oocytes and embryos. 
Developed by the author and co-workers silicon-glass microfluidic chip enabled measurement of the 
absorbance spectra in VIS region of single oocytes or embryos of farm animals (Fig. 2) [6]. 
 
 
(a) 
 
 
 
 
 
 
 
 
 
 
(b) 
Fig. 2. Spectrophotometric characterization of living cells: a) scheme of the measurement set-up with microfluidic chip, b) example 
of the absorbance spectra obtained for porcine embryos of 1. and 2. quality class 
      
Parametric analyse of the spectra, involving position of the absorbance peaks and ratio of 
absorbance for specific wavelengths (i. e. O1=550 nm and O2=850 nm), leaded to development of a new 
method of parametric quality classification of the pigs and cows reproduction cells (Fig. 3.) [6]. 
Measurement 
point 
Perpendicular configuration with CCD matrix and 
software conditioning of the image 
Epifluorescence configuration with single element 
photodetector 
 Optical power [PW] Blocking efficiency Optical power [PW] Blocking efficiency 
P1 100 - 150 - 
P2 0,4 1:375 0,14 1:1071 
P3 0,03 1:5 000 0,01 1:15 000 
Software signal 
extraction 
coefficient 
- 1:20 - none 
Final blocking 
efficiency - 1:100 000 - 1:15 000 
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Fig 3. Parametric description of each examined oocyte in two-dimensional plane of maximal absorbance peak position and 
absorbance ratio 
 
Carried out experiments confirmed non-destructive nature of the on-chip spectrophotometric 
examination. Successful qualification of the cells during embryotransfer (porcine and bovine embryos) 
leaded to born of healthy animals.    
4. Summary 
In the paper, nonconventional methods of fluorimetric and spectrophotometric methods and 
instrumentation have been described. They are utilizing microfluidic chips co-working with miniature 
instrumentation. Important issue of the described here methods is application of software-based analyze – 
image processing in case of fluorimetric detection and parametric analyze of the absorbance spectra in 
case of optical characterization of cells. Both methods proved their usefulness for life-science 
applications. 
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